A simple HPLC method for simultaneous determination of five flavonoids in human plasma was developed. Following addition of catechin as internal standard (IS), luteolin-7-glucoside, rutin, apigenin-7-glucoside, quercetin and baicalein were isolated from human plasma by liquid-liquid extraction with acetone. The chromatographic separation was achieved in a DAD-HPLC equipment on a reversed-phase C18 column using a gradient mobile phase consisting of 0.1% acetic acid + methanol: acetonitrile: acetic acid (90:10:1, v/v) and running at a flow rate of 1 mL/min. The effluent was monitored at a wavelength of 280 ηm, as well as IS was well separated from each other and free from interference from blank plasma and other components in plasma. The calibration curve was constructed by plotting peak area ratio of analytes to IS vs. concentration. The method showed good linearity over range of 5 -30 µg/mL for the five standards used (r>0.996). The developed method may be used not only to identify the analytes assayed but, simultaneously measure plasma concentrations of these herbal compounds.
INTRODUCTION
Polyphenols are a large family of secondary plant metabolites with recognized antioxidant activity [1] [2] [3] [4] . They can be classified in flavonoids, phenolic acids and tannins 5 . The polyphenols used in this study: catechin, rutin, baicalein, quercetin, apigenin-7-glucoside and luteolin-7-glucoside are all flavonoids, the principal group of phenols with antioxidant activities 6 . This antioxidant capacity is due to their ability to reduce free radical formation and to scavenge free radicals, given them their particular pharmacological effect 7 . That's why it has increased the use of herbal preparations associated with conventional therapy for diseases such as cardiovascular and neurodegenerative; which are specially related with oxidative stress 3, [8] [9] [10] .
From the pharmacokinetic point of view, the plasma concentration of active principle correlates with the pharmacological effect. But the effects of phytodrugs, who are polyvalent preparations, are due to several compounds 11, 12 , which can act synergistically to improve human health 11, 13, 14 . In this scenario, we think that the determination of a single compound is not representative of the beneficial action of any phytodrug. On the other hand, bioavailability studies from herbal preparations are very diverse [15] [16] [17] [18] and comparison of pharmacokinetics and pharmacodynamics parameters are difficult to assess. This differences includes determination of one single compound 16 , the dose given to animals or humans are to high compare to normal intake 16 , the administration is not oral but intravenous 19 , or for the determination of this compounds is necessary a very sensitive method like mass cromatography 20 .
HPLC was widely used to separate and analyse flavonoids; however, to our knowledge, there were few literature to report the separation of luteolin-7-glucoside, rutin, apigenin-7-glucoside, quercetin and baicalein by HPLC in human plasma. For example, Yang et al. 21 report the determination of six flavonoids in rat urine and chicken plasma by HPLC with ultraviolet-visible detection, with conditions very similar to ours, but they used chicken plasma not human plasma. Hamed et al. 22 determine the phenolic profile in samh flour, where they analyse its MeOH extract in human plasma but by LC-ESI-MS/MS.
Although there are studies that determine different flavonoids, none of them allowed us to determine the concentration in human plasma of selected flavonoids. That's why we develop a simple and easy HPLC method for determination of five flavonoids in human plasma. As mentioned above, simultaneous determination of several antioxidant compounds is a more realistic representation of the compounds that provoke the pharmacological effect suggested. Therefore, the possibility to identify and quantify diverse herbal antioxidant compounds with this method, would allow us to determine the bioavailability of phytodrugs, studies that are being developed in our laboratory.
MATERIAL AND METHODS

Analytical reagents and chemicals
Catechin, rutin, quercetin and baicalein were purchased from Sigma Aldrich Chemical Co. (St. Louis, MO, USA). Methanol, acetonitrile and acetic acid were purchased from Merck SA, Chile. Luteolin-7-glucoside and apigenin-7-glucoside were purchased from Fluka. All other reagents used were of PA quality.
Chromatographic conditions
The liquid chromatographic system used for DAD analysis of extracts was Merck-Hitachi Elite LaChrom equipment consisting of a L-2130 pump, a L-2450 UV diode array detector, and a L-2200 refrigerated autosampler. The analytes were eluted on a Purospher Star RP-18 column (150 mm×4.6 mm ID, 5 µm) maintained at room temperature (25 ºC). The mobile phase consisted of two solvents, solvent A: 0.01% acetic acid and solvent B: methanol + acetonitrile + acetic acid, 90:10:1, v/v. The gradient elution programme is shown in Table 1 . The flow rate was 1 mL/min. The effluent was monitored at a wavelength of 280 ηm for 76 min and the volume injected was 40 mL. Values of solution A and B represent the percentage of each solvent to complete 100%.
Preparation of standards
A mixture stock solution of luteolin-7-glucoside, rutin, apigenin-7-glucoside, quercetin and baicalein (1 mg/mL) were prepared in methanol. The internal standard solution containing 1 mg/mL of catechin was prepared in the same solvent. These solutions were stored at −20•C. The working standard solutions containing 5, 10, 15, 20, 25 and 30 µg/mL were freshly prepared by serially diluting the above mixture solution of standards with methanol. The range of concentrations used is small because the concentration of flavonoids in herbal extracts is very little, gathering our efforts to determine the lowest possible concentrations with the laboratory equipment and conditions.
Human Plasma
The Clinical Laboratory of Hospital San Juan de Dios donated human plasma to the Laboratory of Pharmacological and Toxicological Research of the University of Chile, with all ethical considerations necessary to use plasma samples for the study.
Plasma sample preparation
A 1000 µL of human plasma sample was transferred into an Eppendorf tube containing 50 µL of IS at 0.1 mg/mL, 50 µL of acetic acid and 500 µL of methanol. The resultant mixture was vortex for 5 min, sonicates for 10 min and incubated for 30 min at 37ºC with constant agitation. Then the mixture was extracted twice with 1000 µL of acetone each by vortex mixing for 5 min, sonicated for 10 min and centrifuged at 3000 ×g for 10 min at 4ºC. The upper organic phase was transferred into another Eppendorf tube and evaporated to dryness under a gentle N2 stream at 50ºC in a water bath. The residue was reconstituted in 300 µL of mobile phase. Then 40 µL of supernatant was injected onto chromatograph for analysis ( Figure 1 ). 
Linearity of HPLC system and its sensibility
Linear regression was obtained by plotting the peak-height ratio of a series of dilutions for each phenolic compound against the known concentration of the analytes in the stock standard solution. The regression lines, expressed as correlation coefficients, were linear and close to one (r>0.996) for each parameter in the studied range, as shown in Table 2 . Sensitivity (defined as the lowest measurable concentration of a compound in the sample) was estimated as the concentration that generated a peak with a height that was at least threetimes higher than the baseline noise range.
Validation of methodology
This HPLC assay was validated according to the Guideline on Bioanalytical Method Validation 18 . The parameters evaluated were: selectivity, linearity, carry-over, accuracy and precision. Apigenin-7-glycoside and rutin, polyphenol standards with different chemical structure, were used to validate the HPLC method implemented. Standard curves of these compounds are shown in Figure 4 .
RESULTS AND DISCUSSION
Internal Standard
An appropriate internal standard is needed for accurate quantification of analytes. We tested different flavonoids standards to select the appropriate internal standard which gives the suitable retention time and no interference from endogenous matrix. Catechin was finally selected as the optimal internal standard because it had a retention time separated from others flavonoids and good resolution under the chromatographic conditions established (Figure 2 ).
Detection wavelength
The maximal absorbance wavelengths (λ max ) of five flavonoids were analysed by scanning between 200 and 500 ηm on the Merck-Hitachi Elite LaChrom L-2450 UV diode array detector, in order to obtain the optimal detection wavelength for the chromatography separation. The results of UV spectra showed that the absorbance peaks of five flavonoids were different, but they all had the best absorbance peaks at 280 ηm. Therefore, the UV-vis detector was set at the wavelength of 280 ηm in this method. 
Analytical method
Determination of HPLC separation procedure for quantitative analysis was difficult to achieve due to the highly complex chromatographic profile, which showed five flavonoids. Different mobile phases conditions were tested to acquire the best analytical results. Acetone was found to provide the highest recoveries compared with others such as methanol, acetonitrile, ethanol, diethyl ether and ethyl acetate. Furthermore, two-extraction with acetone give better results than once-extraction. Pre-treatment of plasma samples with acetic acid for protein precipitation was associated with best recoveries than the use of hydrochloric acid. The effect of mobile phase on retention and resolution of the five flavonoids were investigated. After proving isocratic and gradient mobile phases, the mobile phase consisting of 2 solvents; solvent A: 0.01% acetic acid and solvent B: methanol + acetonitrile + acetic acid 90:10:1, v/v was chosen as it gave a shortest retention time, better shapes of peaks, and good resolution between catechin, luteolin-7-glucoside, rutin, apigenin-7-glucoside, quercetin, baicalein and matrix. Figure 3 show the chromatogram of blank plasma with IS and Figure 4 show the chromatograph of all flavonoids tested. 
Calibration curves
Plasma calibration curves of each analytes were established by injecting six different concentrations. The results found to be linear over studied range of 5-30 µg/mL for all flavonoids. Figure 5 show the calibration curves and Table  2 , the retention time and the correlation coefficients of the calibration curves. 
Determination of herbal analyte concentration
Calibration curves allow to quantify the flavonoids concentration in plasma, through the following equation: y = mx + n, where: y= peak area ratio of analyte/IS m= slope of straight line n = intercept of straight line x= [plasma analyte] expressed as µg/mL
Sensibility
The property of the analytical method for detecting an analyte, even in the presence of other components such as impurities, degradation products or components of the formulation is called selectivity. Six different sources of human plasma were used to determine if this matrix exhibited interference with the analytes under study. Comparison between the area ratio of plasma peaks and internal standard, showed no interference in the retention times of the standards used.
Carry-over
Carry-over corresponds to interference that can generate from analytes retained on the column and/or previous runs. To corroborate this, mobile phase was injected in absence of analytes. The analysis of the chromatograms showed no entrainment compounds. To verify this parameter routinely, this procedure is carried out every 6 runs samples.
Accuracy and Precision
Accuracy is the closeness of the results of measurements to the true value. It is calculated according to the relative error. Precision is the degree of dispersion between the results of a series of measurements corresponding to a same biological sample. It is expressed as standard deviation and coefficient of variation (CV). According to the FDA 23 , for each level of concentration, relative error and CV should be less than 15%, except for the lowest concentration, where 20% is the smaller percentage accepted. Table 3 and 4 show the accuracy and precision of apigenin-7-glucoside and rutin. Both flavonoids show a relative error smaller than 8% and a CV smaller than 11%, validating the accuracy and precision of the analytical method implemented. EEach experimental concentration value represents the average of at least 5 independent experiments ± SD. RA: area ratio between the peaks of the flavonoid used with respect to the internal standard, CV: coefficient of variation. Each experimental concentration value represents the average of at least 5 independent experiments ± SD. RA: area ratio between the peaks of the flavonoid used with respect to the internal standard. CV: coefficient of variation.
CONCLUSION
The present study describes a HPLC method for simultaneous determination of five different standards of flavonoids in human plasma, which was validated to be simple, specific, precise and thus, completely suitable for pharmacokinetic study of herbal preparations. There are many studies that determine de concentration of flavonoids or others antioxidant compounds in leaves, fruits, flowers or different parts of plants using mainly HPLC methodologies [24] [25] [26] [27] [28] [29] . But the determinations of flavonoids in biological fluids such as plasma is much more complicated and only a limited number of studies are in scientific literature 16, 30 . When trying to determine these compounds in plasma, there are different compounds like proteins vitamins, cells, detritus, waste products, etc. that can interfere with the reading, so today these determination are mainly performed in HPLC coupled to mass spectrometry. This equipment has a high sensitivity, but is expensive and in Chile only a few laboratories can have access to them.
When the methodology used to quantify flavonoids in plasma is HPLC -DAD, most of the times only one or two compounds can be determine, because the diversity of chemical structures of antioxidant molecules make difficult to separate them from biological matrix. Another problem that can be presented is that concentration achieves in plasma is very low because the bioavailability of polyphenols can vary from 80% to 15%
31 , so the recoveries may also be low. This method allows determining the presence and concentration of herbal antioxidants in plasma. We determine not only one, but five different flavonoids, which give us a more realistic point of view of what is happening in vivo in the human body. The method employed simple sample preparation for human plasma samples, and it is easily adaptable in many laboratories using commonly available HPLC equipment. We hope this simple method can helps increase the knowledge of phytodrugs to improve health of human and animals, by allowing the determination of bioavailability by the implementation of pharmacokinetic studies of medicinal plants.
